Introduction: The purpose of this study was to evaluate the use of solvents that are not traditionally used in dentistry for the dissolution of an epoxy resin-based sealer and the effect of ultrasonic agitation (UA). Methods: The dissolution of the AH Plus sealer (Dentsply DeTrey, Konstanz, Germany) and the effect of UA in various solvents (eucalyptol, xylene, chloroform, EndoSolv R [Septodont, Cedex, France], EndoSolv E [Septodont], methyl ethyl ketone [MEK], and ethyl acetate) were quantified. The dissolving capacity was assessed by weight loss, Vicker microhardness, scanning electron microscopy (SEM), and X-ray diffraction (XRD). The results were compared with factorial analysis of variance using IBM SPSS Statistics 23.0 software (IBM, Armonk, NY), considering a 0.05 significance level. A preliminary ex vivo study was performed in extracted teeth, with MEK activated by UA as the final irrigation after mechanical removal of the filling material. SEM was used for assessing the cleanliness of the root canal walls. Results: The new solvent proposals, ethyl acetate and MEK, exhibited high dissolution ability, almost reaching chloroform. UA increased dissolution. Vicker values corroborated the dissolution assays. SEM and XRD revealed that solvents affected mainly the organic component of the sealer. Ex vivo results confirmed the immersion model findings. Conclusions: MEK and ethyl acetate proved to be excellent alternatives to chloroform or xylene solvents. MEK presented a high sealer dissolving ability in a short period, especially with UA, without the potential hazards of chloroform, suggesting it is a good approach to AH Plus sealer's dissolution empowered by UA. These results should encourage further studies in order to confirm their clinical relevance. (J Endod 2017;43:1505-1510 
R, EndoSolv E, MEK (VWR International SAS, Fontenay-sous-Bois, France), and ethyl acetate (Fisher Scientific UK Ltd). Distilled water was used as a negative control.
Standardized stainless steel molds with a 7-mm diameter and a 3-mm height were cleaned with acetone and fixed on stainless steel blades. AH Plus sealer was prepared following the manufacturers' instructions and placed into the molds. Ten minutes later, the specimens were transferred into a chamber (IKA KS 4000 ic Control; IKA-Werke GmbH, Staufen, Germany) at a constant temperature of 37 C for 48 hours. The samples were removed from the molds and weighted on a digital analytical scale before being immersed in the solvents (initial weight, W 0 ). At room temperature, the specimens were submerged into each solvent (for 2 and 5 minutes). Afterward, the specimens were removed with tweezers, dipped in 10 mL distilled water for 10 minutes to neutralize the action of the solvent, blotted dry, and placed again in the chamber at a constant temperature of 37 C for 48 hours. The specimens were weighted again (postimmersion weight, W f ). The sealer dissolution was quantified as a percentage, considering the difference between the initial and the final weight, according to the following equation:
The effect of UA was also studied using the protocol described previously; AH Plus specimens (n = 7) were immersed in 10 mL solvent at room temperature and then subjected to agitation in an ultrasonic bath (RETSCH Solutions in Milling & Sieving, Haan, Germany) to a frequency of 30 kHz for 2 and 5 minutes.
Vickers Microhardness
Microhardness was measured in fully set sealer samples after immersion for 2 minutes without UA in the most effective solvents (ie, chloroform, MEK, ethyl acetate, and EndoSolv E). EndoSolv R was also assessed because of its specificity for resin-based sealers. Vickers microhardness was calculated using the durometer Duramin (Struers A/S, Rodovre, Denmark) by applying a load of 10 gf for 15 seconds (n = 7). The mean hardness value was calculated after each solvent. The sealer samples not immersed in solvents were used as a control. Softness was considered as any reduction in hardness after exposure to the solvent.
Scanning Electron Microscopy and Energy-dispersive Spectroscopy
The surface characteristics of the sealer samples were studied using a Quanta 400FEG SEM (FEI, Hillsboro, OR). Previously, the specimens were coated with gold/palladium using an SPI Sputter Coater (SPI Supplies, West Chester, PA) to provide conduction. The examined specimens were sealer samples before (control) and after solvent immersion with and without UA. The solvents used were chloroform and MEK.
X-ray Diffraction Analysis
X-ray diffraction (XRD) analysis was performed using a Siemens D 5000 diffractometer (D8 Discover; Bruker AXS, Karlsruhe, Germany) with Cu-Ka radiation (l = 1.5418 A). XRD analysis was conducted with a scan range of 25 -40 (2q) using a step size of 0.02 and a sept time of 2. Phases were identified using EVA software (Bruker, Coventry, UK). The examined specimens were sealer samples before (control) and after immersion in MEK with and without UA. All the conditions for applying the ANOVA procedure were evaluated based on the residuals (normality, zero mean, homogeneity of variance, and independence). Differences were considered to be significant at a value of P < .05.
Ex Vivo Test
Ten human maxillary lateral incisors were prepared with ProTaper Next instruments (Dentsply Maillefer, Ballaigues, Switzerland) up to size X1 using 2.5% sodium hypochlorite during instrumentation; 1 mL 17% EDTA was used for 1 minute, and a final rinse with 2 mL 2.5% sodium hypochlorite was performed. Teeth were filled with X1 guttapercha cones (Dentsply Maillefer) and AH Plus sealer (single-cone technique). The specimens were stored at 37 C and 100% humidity for 1 week. ProTaper Universal retreatment instruments (Dentsply Maillefer) and Hedstrom files 35 (Dentsply Maillefer) were used for removal of the filling material. Specimens were allocated into 2 groups: the control group (n = 5) without solvent and the experimental group (n = 5) with 1 mL MEK activated 5 minutes with an IrriSafe 20/21 (Acteon Satelec, Merignac, France) driven by an ultrasonic device (Suprasson P-Max, Acteon Satelec) as the final irrigation.
For the scanning electron microscopic (SEM)/energy-dispersive spectroscopic (EDS) analysis, the teeth were longitudinally cut and coated with gold/palladium using an SPI Sputter Coater (SPI Supplies, West Chester, PA). Backscattered electron images were obtained using a Quanta 400FEG SEM.
Results
The means and standard deviations of dissolution recorded for the AH Plus sealer samples in the different solvents are summarized in Table 1 . The ANOVA model features r 2 = 0.98. As the P values associated with the testing effects in this model are lower than 0.05, there are statistically significant differences in the mean dissolution of AH Plus sealer samples dependent on the following parameters: immersion time, type of solvent used, UA, solvent-time interaction, agitation-time interaction, solvent-agitation interaction, and solvent-agitation-time interaction.
The results of multiple comparisons between solvents indicate that there are significant differences in the mean values of sealer dissolution, except when comparing xylene with EndoSolv E. The order of the mean dissolution of the sealer in the solvents was as follows:
Regarding UA, its execution caused a significant increase in the mean dissolution of the sealer. The immersion time had an additive effect on the mean dissolution of the sealer; longer time corresponded to increased dissolution. EndoSolv R and eucalyptol presented no efficacy, with and without UA, similar to the control. Figure 1A and B illustrates the effects of factor interaction at 2 and 5 minutes.
Vickers Microhardness
The hardness values of AH Plus sealer samples before and after immersion in chloroform, ethyl acetate, MEK, EndoSolv E, and EndoSolv R are reported in Figure 2 . The AH Plus sealer's hardness significantly decreased from chloroform, ethyl acetate, MEK, EndoSolv E, and EndoSolv R by 21%, 37%, 47.8%, 61%, and 65.1%, respectively, from the original hardness value. No significant differences were found between EndoSolv E and EndoSolv R.
Scanning Electron Microscopy and Energy-dispersive Spectroscopy
Scanning electron microscopy is a technique that allows the evaluation of the sample's surface topography and its composition depending on the mode used. The secondary electrons mode transmits information about topography, whereas the backscattered electrons mode is used to detect contrast between areas with different chemical compositions. The latter allow differentiating regions rich in light and heavy atoms. The areas rich in lighter atoms (eg, carbon) are darker than the areas rich in atoms with higher atomic numbers (eg, zinc). The SEM/EDS analysis of the AH Plus samples (Fig. 3A-F) revealed that the dark regions corresponded to the organic phase of the sealer, whereas the bright regions corresponded to the inorganic phase. After immersion in solvents, the organic phase was partly removed, and, therefore, brighter images were acquired from the sealer. An EDS detector was used to perform elemental analysis of these regions, which confirmed that the dark regions were rich in carbon and oxygen, whereas the bright ones were rich in tungstate and calcium.
XRD Analysis
XRD analysis was performed to identify the crystalline phases in AH Plus before and after being in contact with solvents. A representative pattern obtained from the experiment with MEK (with and without UA) is depicted in Figure 4 . The peaks found in the XRD spectra were assigned to calcium tungstate (CaWO4 # 01-077-2233) and zirconium oxide (ZrO 2 #R040142.1).
The increased intensity of the peaks of AH Plus samples after being in contact with the solvents indicates the presence of a small organic phase. A higher softening ability of the solvent was found to be associated with a higher increase in the intensity of the peaks of XRD patterns.
Ex Vivo Test
All specimens of the control and experimental groups showed residual filling material (Fig. 5A-D) . In a qualitative analysis, it can be assumed that specimens from the experimental group (MEK + UA) show cleaner root canals walls. The bright areas of the backscattered images correspond to residuals of the sealer as confirmed by the EDS analysis that detects the presence of elements such as zirconium, tungsten, and silicon that are present in the sealer composition. 
Discussion
This investigation revealed that chloroform was the most effective solvent regardless of immersion time and UA execution, thus confirming its efficacy as an endodontic solvent (6) (7) (8) . Although some authors claim that chloroform can be safe when used in a careful and controlled manner (21, 22) , there is still some controversy about its use in dentistry. Chloroform carcinogenicity in humans is not clear, but there is sufficient evidence of it in experimental animals (9). These concerns have increased the search for alternatives. Two specific organic solvents for dissolving epoxy resins (ethyl acetate and MEK) were included, showing a good solvent capacity with additional advantages such as exhibiting lower vapor pressure (less volatile), being noncarcinogenic and nonmutagenic, and having low toxicity (23) . Thus, their use should be advisable as safer endodontic solvents than chloroform and with similar efficacy.
There are no international standards for analyzing the solubility of root canal filling materials in solvents. However, the ISO has published the 6876:2012 standard (24) , which describes the procedure to determine the solubility of set sealer in water. Thus, like in other studies (7, 8) , the methodology used in the present investigation was an adaptation of that standard.
MEK and ethyl acetate showed the highest ability to dissolve AH Plus sealer after chloroform. EndoSolv E, although not specific for resin sealers, had some solubility effect, as already reported (6) . Like in other studies (6, 7, 25, 26) , the effect of EndoSolv R, eucalyptol, orange oil, and xylene was null. However, for xylene, 5 minutes of exposure caused some dissolution. On the other hand, it was reported that eucalyptol dissolved AH Plus sealer (27) and that xylene was a good AH Plus solvent (5, 28) . Longer exposure times might have influenced the results (7, 8) .
There are few studies about the influence of UA in solvents. In an attempt to simulate the effect of passive ultrasonic irrigation for activating irrigation solutions, the samples were subjected to agitation in an ultrasonic bath to a frequency of 30 kHz in order to mimic a clinical situation (29) . The use of chloroform and MEK associated with UA caused a higher dissolution of AH Plus sealer, with MEK presenting similar values to chloroform after 2 minutes of immersion. Also, the effect of xylene was significantly increased by UA, especially at 5 minutes. Alzraikat et al (20) showed that the use of UA significantly increased the efficiency of chloroform. Eucalyptol and EndoSolv R were not influenced by UA; the same inefficacy was also reported (4, 20) .
The softness of AH Plus sealer was higher in the presence of the new solvent proposals determined by the Vickers microhardness test (ethyl acetate, 12.2 AE 2.4 Vickers hardness units [Hv] ; MEK, 15.5 AE 3.7 Hv), which was only overcome by chloroform (6.8 AE 0.8 Hv). It seems that there is a correlation between the softness of the sealer after being in contact with a solvent and its dissolution performance. Regarding EndoSolv R (21.1 AE 1.5 Hv), although it was not possible to detect any weight loss, there was some softening of the sealer. Similar findings were also reported by Kfir et al (26) regarding chloroform and xylene, with an apparent contradiction between dissolution and hardness. Even with poor dissolution, the authors emphasized the clinical value of sealer softness enabling an easier filling removal with a scrubbing motion (30) .
SEM analysis was used to clarify the action of the solvents. The surface topographic changes caused by chloroform and MEK affected mainly the organic component of the AH Plus sealer, either through its dissolution or structural changes, confirmed by XRD analysis.
One of the major drawbacks of the present in vitro study is the extrapolation of the immersion model to clinic because it allows for a full surface contact of sealer with the solvent. In the clinical situation, the sealer is attached to the root canals walls and only partially exposed to the effect of the solvents. Because MEK presented as a new proposal for endodontic solvent from the in vitro studies, the first stage was to assess it in an in vivo approach. In order to evaluate MEK solution in root canal retreatment, a preliminary ex vivo test was performed. The SEM analysis showed promising results with cleaner root canals within the MEK + UA group.
Under the limitations of the present study, MEK and ethyl acetate proved to be excellent alternatives to the traditional chloroform or xylene solvents. MEK presented a high dissolving ability of AH Plus sealer in a short period, especially with UA. Besides almost having reached chloroform's performance, MEK does not have its potential hazards. Thus, the use of MEK can be suggested as a good approach to achieve a better dissolution of AH Plus sealer in the final stages of retreatment procedures. These results should encourage further studies in order to confirm their clinical relevance.
